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WO 00/58488 

DELIVERY OF FUNCTIONAL PROTEIN SEQUENCES 
BY TRANSLOCATING POLYPEPTIDES 

FIELD OF INVENTION 

The present invention relates to methods for trans.ocaung polynucleotides and 
po.vpep.ides between cells. More partly, the present tendon relates touseof 

m= cel. process-modlfymg moleou.e interacts specifically with a response target 
10 site. 

BACKGROUND OF THE INVENTION 
Translocating protems are defined by their ability to cross biological 

described, tncluding VP22 from Herpes Simplex Vinrs type . (G. Elhot and P. 
15 0 B are,C e ^, 2 23- 2 33. ( , 997 )).a fe Smentorme«,a^ & o^ 

DrosophilafAntpJCD.Derossi Journal of Biolo^l ^ 
10450 (1994)), and Protein H from Streptococcus pyogenes (Axcrona =. al., 
Manuscript in preparation (1999))- 

. • .-r;th * TYMA binding domain composed 
Antennapedia is a homeoprotem with a DN A Dinam,, 

der.onLedthataUartnnoacidpeptidecorrespondmg.ome^d = ta ,n^ned 
^ can rranslocateacrossmembranesandaccumulateinthecvtoplasmand ^ 
^usCDerossieta,^, This peptide is interned at a « 
4-C suggesting that endocytosis is not responsible for the mtemahzauonof the ^ 

■ ^nottravelfhroughti.endosomalandlysosoma! comp— . Tnerefcre^ 
Derossi et al., J Biol Chem 221:18188-18193, 1996). 
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in the phospholipid bilayer, making entry into ceils receptor-independent and energy 
free (H. Hall et al., Current Biol S.:580-587, 1996). 

The usefulness of Antp as a vector peptide has been proven successful by 
genetically fusing Antp to various peptides of interest (F. Perez et al., J Cell Sci 
m -m-7n 1992;F.Per=z=tal.,Wc/£^cn> I o;S : 1278-87, 1994; andA. 
Prochiantz, Curr Opinio, Neurob &629-634, 1996) or by covalen. linkage via 
cysteine residues (D. Derossi et al„ supra). IntemaUzation of peptides as Urge as 41 
amino acids and of charged phosphopeptides (B. Allinquan, e, al., J Cell Bio, 
121-919-927 1995) has been demonstrated in neuronal cells. In each case, the 
sequences-fused to Antp retatned their expected biological functions. Furthermore, 
Antpismeonlytrans.ocanngpepddema.hasbeenusedtodeUveroligonucleottdes 

(up to 45 nucleotides in length) to ceUs in culture (CM. Troy et al., J Neuro .6 253- 
61, 1996; G. Elliot et al., J Virol^2:6448-6455, 1998). ^ , 

Protein H is a surface antigen of the human pathogen Streptococcus 
pyrogenes. Protein H is taken up by B- and T-lymphocytes and translocated to the 

cellular function, protein H has a cytostatic effect though, to be the result of d> 
^sociationwimthenuclearproteir.SETandhruWPAZaip.Derossietal., 

supra). To date, the translocation of Protein H coupled to another molecule has no, 
been demonstrated. 

The best studied of the translocating proteins is the Herpes Simplex Virus 
protein VP22, which has the unique ability to translocate between cultured 
manunaHancells.menceUsaretransfectedwiti.ap.asrmdencodingmeW^Z ; 

protein, the expressed protein accumulates in tire cytoplasm .of transfer ce, s and, 
by translocating across cell membranes, spreads to the surrounding non-transfected 
cells where i, accumulates in the nuclei. This process can occur at 4°C and also^ ; 
appears to be energy-free and mdependen. of endocytosis. When protein traffickmg 
« h oughu,ec=nisblockedusingBr=f=ldinA,exportofVP22canstilloccur. Smdres 
of cytoskeleta. elements during VP22 trafficking suggest that the actin .cy.oskde.on 
, may be involved in export or import of VP22 (Elliot and O'Hare, supra). 
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mdUdU1S ™ ' ( I . DilbCT ct a,, GOT8 «S,12-2l, 1999). At leas, 
VP22-thyinidrfle kinase ^ ^ ^* ^ can take no a functional VP22-GFP fusion 
twenty different mammalian cell ' ^ ^ 1999; m4 

^^(EmotandO^esup^A 

J. Met Med 21: 609-6138, 1999). 

T^fectionofceliswi^pl-idDNAhasbeenaninvaluabletooUotthe 
, , m Avariety of transfection methods (e.g. lipids, calaum 
study of biological systems^ ^ methods rarely result in more 

than 50% of cells expressing a gene earned ^^^^ mefficie nt *ansf=cnons do 

notappeartobeduetomabthtyoftheDNA P ^ Kmalile<1 DNA ever" " 
ofDNAis—zedbyendocy^ 

ofdiectlyinjectedUptd-DNAco^lexs.g s ^ 
-.o.necytoplasn.andnucleusistiemostn.port^thnn 

fusogenic peptide of hemagglutinin (J. Zabner e &Be 

J7ie , W 3,U33-U42(1996))cann 1 creasetransfect 1 one ffi c 1 enc 1 

a K^rter methods for modulating 
j • thf , -,-rt for new and better meuiuuo 

^ ^ 15 3 ^ " * d lt transfection reagents and methods of their 
!5 expressionincellsoftaxgetgenesandfotrransf q . de ^ ltion 

^toovercomethern.orbloc.stoexpresstonoftr^f^ 
i^eendosomesandtoinabilityofDNAtoenterthecennuCcus. 
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BRIEF DESCRIPTION OF THE INVENTION 

The present invention overcomes these problems in the art by providing 
method(s) for modulating a cellular process in a cell in culture by contacting such a 
cell with a cell process-modifying molecule attached to a translocating polypeptide 
under suitable conditions, whereby the cell process-modifying molecule is 
translocated into the cells in culture and interacts specifically therein with a target site 
responsive to the cell process-modifying molecule, thereby modulating a cellular 
process in the cell. 

In another embodiment, the present invention provides method(s) for 
transfecting a cell in culture with a target gene by contacting the cell under suitable 
conditions with a polynucleotide comprising the target gene attached to a . 
translocating polypeptide, whereby the cell is transfected with the target gene. 

In still another embodiment, the present invention provides method® for , ; 
modulating expression of a target gene product in a cell in culture that is transfected 
with the target gene under control of one or more regulatory elements by contacting , 
the cell under suitable conditions with one or more regulatory agents attached to a 
translocating polypeptide, whereby the one or more regulatory agents are translocated 
into the cell and interact therein with the one or more regulatory elements, thereby 
modulating expression of the target gene product by the cell. 

In yet another embodiment, the present invention provides vectors) 
comprising a polynucleotide encoding a cell process-modifying molecule attached to 
a translocating polypeptide. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure lis a schematic drawing showing P FIN4/lacZ, which has an 
intervening sequence (inv) flanked.by Flp recognition sites ifrt) separating the CMV 
promoter and P -galactosidase gene (lacZ) . Interaction of Flp recombinase with pFIN4 
results in the removal of the inv sequence and expression of |3-galactosidase. 
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Figures 2A-D are schematic representations of the process by which a fusion 
protein composed of VP22, an anti-ATF-2 single chain antibody (sFv), and VP16 is 
delivered to the nucleus of a cell where it binds ATF-2 and activates transcription. 
Fi <mre 2 A shows the ATF-2/LexA DNA binding domain (DBD) fusion protein binds 
the^exA operator (Op) upstream of the minimal TK promoter and the luciferase 
reporter gene, but does not activate transcription. Figure 2B shows that the ATF-2 
sFv-VF-16 fusion protein binds ATF-2 and activates transcription. Figure 2C shows 
that the CREB sFv-VP16 fusion protem does not bind ATF-2 and cannot activate 
transection. Figure 2D shows that the fusion protein composed of VP22, the ATF-2 
sFv, and VP16 is delivered to the nucleus, where it binds ATF-2 and activates 
transcription. 

Figures 3 A-C show the attachment of a translocating protein (VT22) to an 
oUgonucleottde(oligo)bygen=rattonofab,ftactionaJhnkermolecnle.Figure3A 

shows the chemical structure of a phenylboronic acid (PBA)-adapted nucleohde 
(PBA-dUTP). Figure 3B shows the chemical stmcture of a salicylhydroxamtc actd 
(SHA)-adapted amino acid (R = lysine). Figure 3C shows the reaction of the PBA- 
adapted nucleotide and me SHA-adapted inino acid to create a bifcnettonai hnker 
molecule that attaches the oligonucleotide to VP22. . 

Figure 4 is a schematic diagram illustrating a VP22-T7 RNA polymerase (T7 
pol) expression system. VP22-T7Pol accumulates in the nucleus upon exogenous 
addition to tissue culture cells. In the nucleus, the VP22-T7 pol fusion protem 
recognizes the T7 promoter and activates transcription of gene X. 

Figure 5 is amap of vector pVP22/Mvc-His, which contains the T7 promoter 
(T7), VP22 open reading frame (VP22), a multiple cloning site, amyc epttope ( m yc), 
and a polyhistidine tag (6xHis). 

Figures 6A and B show the nucleotide sequence of vector P VP22/Myc-His 
(SEQIDNOri). 

Figure 7 is a map of pVK2/Wyc-His-TOPO® vector, which contains the T7 
promoter (T7), VP22 open reading frame (VP22), amultiple cloniug site modtfied by 
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with as 1 „ g l=3'Abaseov=rhan g canb= te e rt ed fat o t he t op 0 ,3c mm s, a d a pteds, tt . 

Figur es 8A and B show the nucleotide sequence of pVP22/Myc-His-TOPO® 
vector (SEQ ID NO:2). 

DETAILED DESCRIPTION OF THE INVENTION 
ta accordance with the present invention, there are provided me,hod(s> for 

mm acel,.process-momfyingmo,e^^ 
hereby the ce,lproc=ss-mo^^ 

molecule, thereby modulating a cellular process m the c=U. 

AS therein, the term Wocadng protein" means a protein, .K*^-; 

llov^erues: ^^^^•^^° f . 

c e, lme mbranes,andsubstannal>yene^^ 

• .1, f „> he used in the invennonmethods ano 
Exemplarytranslocatingprotemstbatcanbeusedm . 

, ^n, arragmentofdteMtennapediaproteinrromDrosophiM^Cammo 
«al 1999), ProteinH ftom Streptococcus pyogenes (D. Deross, e. al ... *<* 

5 molecdestoce^eimerbyconstructmgafus.onmoleculete P 

meN-temdrralorrmeC-term^posido, The preferred fusion protem or po.ypepnde 
foruseinpracdceof.heinvendonmethodsisaVP22polypept.de. 
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pro p=rt.esofth=in<ac,pro- ^^to**** ■ 

van c=Ua 2 oster virus (VZV - ^ ^ m , tants md ctanenc J 

and the like, and transport-active (i.e. ™ 

combinations thereof. 

• llr vP^polypeptideenco.passespo.ypeptide.correspond.ngto 
fa particular, VP22 polyp P ^ (1 _ 301) _ wtoss 

^^^-.^^^^ 

seance isdtsc.osedmFig^ 
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its entirety 



20 



na cm.""— ^ • . 

... therein refers to mo distinct proteins, 
distinct proteins and/or fragments being 5MO(lfag a translocating 

acombinationofanytwoormorethereof. 

polynncleo.decomp^gthe^etsenea^.0 
whCTebyt heceUis«rans f ected^e > e^e.SJ.A ^ uetoths 
Wected" means mat a gene translocated mto a 
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locating properties of an attached translocating polypeptide is expressed in the 
oeU, at .east —y, ,,, the c=U is transiently transfected with the targe, gene. 

The size of poiynuoieotide that can be effected mto a cell according to the 
m ventionme,hods ranges from about ,0 nuc.eotides to about ,0 Abases (Icb) For 

^Jabou.^O^OOntcanbe^fectedintocensusmgn.einvennonrne^ 
cul tur=,for example, in a monolayer or tissue cu te =. None of the conventional 

lectio, Upofection.cytof.tio.particiebeadbombardment.andti.eh.e ^ 
,• r ^-„lture^ofth= cell population to be transfected with 
all that is' required is contact (i.e„ co-culture) ot tnec vv ^ 

„•* cvrtheticallv prepared translocating protein 
purified translocation protein or with synthencaliy pep 

Umcermoleculcasdescribedhereui. 

l,.p«*^*ii^•-- ,, - ,l -.- ,,, ■■" , r b ■ , 

monolayer of mammalian or insect cells. 

DN A (i.e., via either covalent or non-covalent interactions), the DNA can be 
^theuucleusforgeneexpression. 

describedherein is an=x.=me,y valuable research too,, inup ,01^/. <** 

translation regulation, and the like. 
, modu.atingexpressionofatargetgeneproduc.inacellinculti.etiiatcontamsa 
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5 * *; no thr cell in culture under suitable 

whereby the one or more regulatory agents are transio 

expression of the target gene product by the cell. 

, , attache d to a translocating polypeptide, such as 
For example, a polynucleotide ttache ^ rf 

*= polynucleotide. In one embodiment, a. p yn ^ ^ 

fa ne=ncodmgapr 0 teu a ofint=r=st,suchasa«ar = et = 4 

p^contaunngacionedopenreadurg.arnethatencodesa^etgen, 

cAP^cycli=AMP^endentprote m ^A^. , ' ^ s)) 

has revealed a leucine n ^ re fusion of the NES to a , 

outofthenucleusandintothecytoplasm. ^j^™^ larger T antigen KLS has been 
heterologous protein that includes the canonical SV40 ^ cvt opLasmic and nuclear 

comp ™ofc=.lsCW=n,e,al,^). proteins, -h as VP22, 

m ethod to modulate the nuclear targeUng of «»toc«a.P . 

■v, • ,t he PKINES can partially counteract the very strong sign 
especiallysincethePKINES P . . , te ^ loc ating polypeptide 

10 and any attached polynucleotide can be stably intro 
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as the nucleus of the cells in culture, thereby accomplishing partition of the 
polynucleotide between cellular compartments. In the cytoplasm, regulation of 
expression of a gene contained in the polynucleotide can be regulated using invention 
methods as described herein. 

Nuclear export signals suitable for use in the practice of the invention are 
known in the art and include the nuclear export signals derived from the HTV Rev 
protein or the heat stable inhibitor of cAPK, and the like. In many cases, inclusion of 
a nuclear export signal into the translocation protein-containing construct can be used 
to stably integrate a target gene of interest into the genome of the cells in culture. 

A cell in culture can be contacted with a translocating protein attached to a 
cell-modifying molecule according to the present invention by a variety of methods. . 
In the one method, an expression cell population transfected with a polynucleotide 
' encoding the translocating protein fused to the ceU-modifying molecule (e.g., as a 
fusion protein) is mixed and co-cultured with a target cell population that 
spontaneously takes up the expressed translocation protein with attached cell- 
modifying molecule. The expressed protein accumulates in the cytoplasm of the 
transfected expression cells and, by translocating across cell membranes, spreads to 
the surrounding non-transfected cells where it accumulates in the nuclei. For 
example, the expression cell can be a prokaryotic cell line, such as E. coli, and the 
target cell line can be any eukaryotic cell line, for example a mammalian cell line, 
such as CHO or COS, or an insect cell line, such as Drosophila S2, and the like. 

Alternatively, the expression cell population can be cultured under conditions 
that promote expression of a transfected gene, a cell lysate can be prepared of the 
transfected expression cell population and the lysate can be applied to a cultured 
target cell population using methods known in the art and as described in the 
Examples herein. When the translocation protein is VP22, the VP22 or fusion protein 
containing VP22 will translocate to the nuclei of substantially 100% of the cell 
population. It is also possible to culture the target cells with purified translocation 
protem-containing molecules or with synthetically prepared molecules containing the 
translocating protein attached to a polypeptide or nucleotide by means of a covalent 
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bond or linker, as described herein. The translocating polypeptide and attached 
molecule will translate to an entire cell population in culture within about 10 
minutes to about 72 hours, more typically wirhin about 10 minutes to about 50 hours; 
preferably within about 10 minutes to about 24 ho^s. However, in some cases, no 
more man about 10 minutes is required for uptake of a translocating polypeptide and 
attached molecule by an entire cell population. 

Fusions of translocating polypeptides with known DNA binding protems can 
a.so be used to deliver DNA containing an open reading frame (e.g., a plasmrd) to 
tissue culture c=Us. In this embodiment of the invention methods, the DNA binding 
protem acts as a Imker for attaching tie translocating protein to the cell-modtfymg 
polynucleotide (i.e. a plasmrd containing a polynuc.eotide that acts to modify a eel, 
process). Examples of protem linkers that may be teed to translocating protems for . - 

(M WUke e, a,, s« P ra and Niidome, et a,.,/. Bio,. CW 222, 15307-15312 (19*)) : ■ 
andthenon-histoneproteinHMG-nfhighmobilitygroup 17) (S. V. Zaitsev, e, aL, 
Gene Ther. 4, 586-592 (1997)). HMG-17 interactions wim DNA have been stirdrcd » 
depth and demonstrate that HMG-17 intents wim DNA in a non-cooperative, non- 
specific, and reversible manner (M. Bottger^ 

270 (1990)). In each case, either the entire DNA binding protein, or a functional 
fragment thereof (i.e. a fragment having DNA binding activity) may be used. 

It may be preferred to complex the DNA with a reagent, such as 
polyemyleninnne^.matconder.esandneutraUzestitechargedDNApriorto 

nnxmg with me translocate 
fusion. 

■ Altematively.ifashonerpeptidelinkerisadvantageousintheparticular - 

system used, the peptide Imker may be fused to a translocating protein ether as a 
chemicallysynmesi.edpeptideorasanucleotideencodingafusionprotem.obe 

expressedinaprokaryo.eexpressionsys.em. Examples of short peptide sequences 
, orasafesionpro.emmcludepolylysmesequencesandsequencescontammg.hreeor 
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<» T ARL for example, LARL-LARL-LARL (SEQ 
more repeats of the peptide sequence LARL, P 

^ tt, _ 7-nQ5-1404fl996)). In some cases, 
ID NO:3) (I. D. Fritz et al., Hum. Gene Ther. 1.1,9, V*> » 

peptide as ^^^Uyfro^to^SO^^thSupto about 
20 repeats being presently preferred. 

A preferred linker for attaching * locating protein to a ceU-rnodifying 
nucleotide is the Vaccina vtfus topoisomcrase I proteu,, or a mutant forrn 

»DNA t o P oisornerase,a314aavirus-encode d eu ta yo« 1 ct y peI 

merase (I) binds to duplex DNA and Ceaves the phosphor backbone of 
topotsomer.e ),btnds P ^ ^ 

(\9ZD) The enzyme exhibits a high level oiseq r 

, i ^ Cleavage occurs at a consensus pentapynmidme element 
restriction endonuclease. Cleavage occ 

• -1 r<? Cheng et al., Proc. Natl. Acad. Sci. UZ>A : 

/-rrnrCTT-3' in the scissile strand Cb.^nengcL , 

^ Morha m andSXShu m a,^C ¥m .^159S4-15 9 9 2 (. 9 92)) ^the 

■ , j „„„iscons=r^edviam=formationofacovalentadduct 
cleavage reacuon, bond energy ts conserve _ _ 

beMte 3 . phosphate of the incised strand and a tyrosyl restdue (Tyr 274) of tb 

, „ the Vaccmia topoisomerase 1 UnKer wm 

attached to an invention translocating protein, tne v v 

asarecreatedinTaamediate^CR. Such topotsotnerase I-DNA con, 
25 then be introduced into cells. 

1^ e rtoattachW22toadoublestrandedPCRproduct( 1 .e.,acellF 
linker to attacn vr^. a vP2'' fusion with 

30 . oUgonucleotideJhavingsingleS'AbaseoverhangstocreateaVPZ-lus 
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• I DNA conjueates may then be introduced directly 

vector DNA. Such topoisomerase I-DNA j - 

into cells. 

■ protein will translocate the complex through theendosom 

BM.Cta., 212:5307-12, 1998). 

- , . p r Fritsch and T. Maruatis (lyayj- 
molecular biology techniques (J. ^ ° ^ ' ^ Harbor Laboiatoiy Press. 
Hollar Clonic A LaboraW Manual. Cold Spnn, fa 
ColdSp^Harbor,^^ — — 
Wocanonabilitybyuseofsuttablemethods.e.,.,^ 
^inthear, See also the methods discribed in the Examples heretn. 

— onoftoxicproteinsmnssueo^C J ^ for 
example, £.*,« (U. Fischer et al., Cell £2-475 ^ 

inducible promoter, thus turning on gene express.cn. 
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. The present invention provides a novel approach to this problem by providing 
method(s) for modulating expression of a target gene product m a mammalian cell 
transfected with the target gene under control of one or more regulatory elements. In 
the invention method, the target cell is contacted under suitable conditions with one or 
more regulatory agents attached to a translocating polypeptide, whereby the one or 
more regulatory agents are translocated into the mammalian cell and interact therem 
with the one or more regulatory elements, thereby modulating expression of the target 
gene product by the cell. The translocating polypeptide used in invention methods for 
modulating expression of a target gene product can be any of the translocating 
polypeptides disclosed herein, but is preferably a VP22 polypeptide. 

The regulatory agent can be a polynucleotide, a protein or polypeptide, or a 
small molecule. For example, the regulatory element can be a promoter operatively " 
linked to a target gene wherein translocation of the regulatory agent transactivates 
expression of the target gene product by the promoter. It is preferred that the : ; 
regulatory agent be specific for me promoter, such as a polymerase 

promoter. ; , 

An exemplary inducible system according to the present invention utilizes the 
RNA polymerase of bacteriophage T7, which has been used to direct gene expression ■ 
m mammalian cells. Expression of T7 RNA polymerase (T7 RNAP) by Vaccinia 
virus (A. Ramsey-Ewing and B. Moss,/ Biol. CHent. 221:1 6962-! 6966, 1996; T. R 
Fuerst et al Prcc. Natl. Acad. Sci. 22:8122-8126, 1986) or in a stable cell hne (O. 
Elroy-Stein and B. Moss, Proa. Nail. Acad. Sci. 22:6743-6747, 1990 and A. Lieber =. 
al Nucleic Acids Res. Il:m5-mx ,989), or introduction of T7 RNAP protetn a. 
thetimeoftransfcctionpC Chen, eta,., Cancer Gene Ike, 2:28,-289, 1995 sndX 
Chen et a,., Nucleic Acids Res. 22:21 ,4-2,20, 1994) promotes specific express.cn of 
genes tot are located downstream ofthe small T7 promoter. The specificty that T7 
RNAP has for the T7 promoter ensures that the desired gene is expressed and that 
non-specific gene acdvafion does not occur. Expression using T7 RNAP has been 
reported to be very strong, 6-fold higher than the RS V promoter in one case (A. 
Lieber e. al.. Nucleic Acids Res. 12:8485-8493, 1989). In addition, gene express.cn 
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can be direct by T7 polymerase either in tie nucleus (Lieber, supro and I. J. Dunn 
c ,ai G en eS:259-266,1988)ord>=cy.oplasmofcelIs. These characters 
S n~es,ed that T7 RNAP can be used to specifically rebate gene express,™ by the 
addition of aT7 RNAP/VP22 fusion protein to cells containing a T7 promoter 
construct Drrect delivery of T7 EUAP using VP22 technology allows specfie 
conrrol of gene express,on and -ninimrzes negative effects of deUvery to non-targe, 
sites Thus.theme^odsofu.epresentinventionallowforsradyofftephenotyp.c 
effectsofprotemexpressionondemand. Due to the specificity of the invention 

"Toxic proteins," as me term is used herein, refers ,0 protefas that have immediate 
mtr fas,c .oxic potential for living systems, facta*, those trans-dominant mutanons 
inproteinsleadrngtoconstiruttivelyactiveforrnsoftheprotem. Thus toxic proteins 
aredistinguUhedfrom^ro-tog-typernoleculestotrequiemodificanonaAer ■ 

expression ,0 release a ,oxic potential. Non-umiting examples of toxic proems that 
. canbeusedinpracticeofthe.nventionrnethodsarevanousoncogeneproducts.such . 

A„rte n? eviewed bY Avnich et al. Trends in Biology 
as Raf and Ras oncogene products (Reviewed oy n. 

12:279-83, 1994). 

regula.o^elementsothat.anslocationoftheregula.oryagentrrBnsactiva^s 

20 expressionofme^etgeneproduct. For example, the locating protein canbe 
Jed t oaD N Abindingdomain,suchas m a t& ommeGal4pro t eu,and t oacommon 

^activation domain, such as VP16 or B42. !n this embodiment of the mvention, 
. metranslocatingprotem-— ^^^"^ 
' men specifically activate a promoter which contains upstteam bmdmg s,,=s for 
25 DNAbindrngdornamincorporatedkitothefusionproteui. 

e^cription.Exemp.a.yDNA-bmdfagproteinscon^atedforuseheremmc^ 
30 ■ ConawayandConaway.W^^c^^W-.^^ 3 ^ 
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on Molecular and Cellular Biology, Vol. 3, Raven Press, Ltd., New York, NY, 1994; T. 
Boulikas, Critical Reviews in Eukaryotic Gene Expression _4£2&3_):1 17-321, 1994; A. 
Klug, Gene 125:83-92, 1993; W. M. Krajewska, Int. J. Biochem., 24:1885-1898, 1992.) 

Transcription factors contemplated for use herein as a source of such DNA 
binding domains include, e.g., homeobox proteins, zinc finger proteins, hormone 
receptors, helix-tum-helix proteins, helix-loop-helix proteins, basic-Zip proteins (bZip), 
(3-ribbon factors, and the like. See, for example, S. Harrison, "A Structural Taxonomy of 
DNA-binding Domains," Nature, 252:715-719. Homeobox DNA-binding proteins 
suitable for use herein include, for example, HOX, STF-1 (Leonard et al, Mol. Endo., 
7:1275-1283, 1993), Mat o-2, INV, and the like. See, also, Scott et al. Biochem. 
Biophys. Acta, 9_39_:25-48, 1 989. It has been found that a fragment of 76 amino acids 
(corresponding to amino acids 140-215 described in Leonard et al, 1993) containing the 
STF-1 homeodomain binds DNA as tightly as wild-type STF-1 . Suitable zinc finger 
DNA-binding proteins for use herein include Zif268, GLI, XFin, and the Uke. See also, 
Klug and Rhodes, Trends Biochem. Set, 12:464, 1987; Jacobs and Michaels, New Biol, . 
2:583, 1990; and Jacobs, EMBO J., 11:4,507^517, 1992. 

The DNA-binding domain(s) used in the invention methods can also be obtained 
from a member of the steroid/thyroid hormone nuclear receptor superfamily, or be 
substantially the same as'those obtained from a member of the superfamily. The 
DNA-binding domains of substantially all members of the steroid/thyroid hormone 
nuclear receptor superfamily are related. Such domains cor^st of 66-68 amino acid 
residues, and possess about 20 invariant amino acid residues, including nine cysteines. 
Members of the superfamily are characterized as proteins which contain these 20 
invariant ammo acid residues. The highly conserved amino acids of the DNA-binding 
domain of members of the superfamily are as follows: 
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Cys-X-X-Cys-X-X-Asp-X-Ma-X-Gly*- 

X-Tyr*-X-X-X-X-Cys-X-X-Cys-Lys*-X- 

Phe-Phe-X-Arr-X-X-X-X-X-(X-X-)Cys- 

X-X-X-X-X-(X-X-X-)Cys-X-X-X-Lys-X- 

X-Arg-X-X-Cys-X-X-Cys-Arg*-X-X- 

Lys* - Cys - X - X - X - Gly* - Met (SEQ ED NO:4); 

j am{no ac ids within the DNA-binding domain; an 
wherein X designates non-conserved ammo acias wiuun 

, nn ,, r „ idues (thus, the DNA-buiding domam is a 

, • w Htn9haifsiterecognitionsites,asiswellknownmtheartto - 
DNA binding domains bind to 2-haii site recogui ... 
^acuva te ™do nlm de r co n »lcf,r=spoos==le»entco 1 npnsu lgte 

recognition site. - - 

, u, * fir^t 90 or more amino terminal amino acids of the. 
■j-iv/mq-704 1986). Preferably, the first 9U or more au 

231.699 704, w J ^ ^ ^ reslduesof 

GAL4 protein will be used, for example, the 14/ amin . 

20 yeast GALA 

^DNAb^gdon.ain^-beused^cp^ceof.hep^ 

U-471-475 (W^Furthetal.,^ f/ a rf.^<£ So. 21.9302 93 A 
25 Shoc k = tt =ta..,^.*M^Sc i 2 2 :65^526(199 5 ),.. 

• tm r; e transcription activation domains) and those 
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a response element that is responsive to the invention system (i.e., transcription 
repression domains). The ability of the invention system to activate transcription of 
such a target gene is generally enhanced when the transcription modulating domain 
attached to the translocating protein is a transcription activation domain. Transcription 
activation domains contemplated for use in the practice of the present invention can be 
obtained from a variety of sources and are well known in the art. 

Such transcription activation domains are typically derived from transcription 
factors and comprise a contiguous sequence that functions to activate gene expression 
when associated with a suitable DNA-binding domain. For example, suitable activation 
domains can be obtained from the N-terminal region of members of the steroid/thyroid 
hormone nuclear receptor superfamily, from transcription factor activation domains, 
• suchas for sample, VP16.GAIANM 
(See fo rexample,M.Manteu£fel-C^ 

T. Tagaxm et al., Biockem Biophys Res. Commun. 2520*358-63 (1998), W. Westin, - 
5 Adv Pharmacol, 47:89-1 12 (2000)). The activation domain presently preferred for use 
. in the practice of the present invention is obtained from the C-terminal region of the 
VP 16 protein. 

Transcription repressor domains mat can be used in the invention 
include mose mat rep^ Exemplary transcription . 

20 repressor domain suit^^ 

invention methods include RAFT, CREM, MECP-2, SMRT, NcoR, mSin3 A, RAR, TR, 

SMRTR, and the like. 

Another way in which translocating protein may be used in inducible 
expression systems for modulating expression of a target gene is to create gene 

25 fusions or in vitro covalent linkage with site-specific recombination sequences, winch 
are sequences of nucleic acids that are specifically recognized by a particular srte- 
specific recombmase. Site specific recombinases, as the term is used berem, are 
enzymes that catalyze the excision and/or recombination of nucleic acid sequences, 
and may form intermediate complexes with the transfer sequence DNA during the 

30 recombination event These enzymes recognize a relatively short, unique nucle.c aad 
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and do not require ATP to function. 

•v ^ > cnecificrecombinases from bacteria and unicellular 

n a me of the Clytic a^no acd residue of «h= en^ 

For the integrase family, the " 

recombmase famiUes, the rejommg step is the revers 

hereinbyreferencem^ennrety). Therepe Each rspeat appears to bmd 

i0 ^"y.ee«ofasee 0n d S etofs^toresoWe,e 
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intermediate into recombinant products (see, Guo, et aL. Nature M2:4(M6, 1997). 
The asymmetry of the core region of the loxP recombination sequence is responsible 
for directionality of the recombination reaction. When two loxP sites on the same 
DNA molecule are in a directly repeated orientation, Cre excises the DNA between 
these two sites, leaving a single loxP site on the DNA molecule (Abremski et aL, Cell 
12:1301, 1983). Thus, the repeat sequences act as Cre-specific binding sites with the 
recombination crossover point occurring in the core. 

The loxP site is so complex in size that it occurs only in the PI phage genome. 
Therefore, use of the loxP sites in the invention methods assures that the enzyme wxll 
not cut the transfer sequence within the interior of the sequence unless the transfer 
sequenceis from the PI phage genome. The activity of Cre in a wide variety of 
cellular backgrounds, including yeast, shows that Cre does not require host specmc 
factors for activity (Sauer Mol. Cell Biol. 7:2087-2096, 1987) in plant (Albert et aL, 
Plant J 2:649-659, 1995; Dale and Ow, Ge- £1:79-85, 1990; OteKetaL.MoL Gen, 
Genet 1990), or mammalian cells, including both rodent and toman 

cells (van Deursen et aL, Pro, Natl. Acad. Sci. USA 22:7376-7380, 1995; Agah et aL, 
J. Clin. Invest. IflQ: 169-179, 1997; Sauer and Henderson, Ne» Biologist 2:441-449, 

1990). ........ : 

The Cre protein also recognizes a number of variant or mutant lox sites 

(variant relative to the loxP sequence), including the loxB, loxL and loxR sites, which 

are found in the E. col: chromosome. Other variant lox sites include loxP5 11 

(5>-ATAACTTCGTATA£^^ 

spacer region underlined); loxC2 

(5'-ACAACTTCGTATAAIfiIAIfiCTATACGAAGTTAT-3- (SEQID NO:7 ; 
spacerresdonunderlinedjU.S.PatentNo. 4,959,217). Additional variants of the loxP 
site can beprepared by those of sldll in the ax. and wiU generally haveno more *»» 
total of one to three point mutations in the two repeats that comprise the site-speafic 
recombination sequence. Cre catalyzes the cleavage of me lox site within the spacer 
rcgionandcreatesasixbase-pairstaggeredcut The two 13 bp inverted repeat 
,. domainsofmeloxsiterepresentbindingsitesformeCreprotein. The two lox sUes 
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w differ so long a, Cre is ab,e to recognize both lex sites. However, if two lox sites 
differ in their spacer regions in such a manner that the overhang ends of the 

i „A*h nne another Cre cannot efficiently catalyze a 
cleaved DNA cannot reanneal with one anotner, ^ 

, j; ff „ r .„f inx sites. The efficiency of the 
recombination event using the two different lox sites 

•n a ^ m the deeree and the location of the variations in 
recombination event will depend on the degree an 

u rh, loxC? site can be efficiently recombmed with the 
the binding sites. For example, the loxu_ sue 

^^^^^^^■^^^^ 

recognized by the Cre enzyme. • .. . 

Ar =cornb m aseofthemte g rasefarmlywi«hsMarn m cdonisFlp,a 

kinase identified in strains o! tocctorvnyc* — - • 
recomoinas basepair inverted repeats 

DNA. Flp recognizes aDNA sequence consisting of two 

flanking an 8 basepair core sequence ' — „ _, /ceo ID NO - 8) 

( 5,GAAGTrCCTATTCrCrAGAAAGTATAGGAACTTC-3 (SEQ^NO^ ), 

" U=r— ^caHed^PpRecom—Tar.tsite,. A tturd repeat 
Lwsatthea.end^ena^sequence.bntdoesnotappeartobere^ 

^mbmaseactivity. ^^"^^W ' 
mammalian cells (PCT International Patent Applicahon PCTAJS92/01899, 

reference) and has been punned (Meyer-Lean **.,^c*ta.ii«®. 
reference) «o. 12 313, 1985; GronostajsH and Sadowsb, /. 

1987; Babineau a al, J. Biol. Chem. Zffli. i-"". 
BioLChem. 2£Q:12328, 1985). 

Lik8 Cre, Flp isfuncdonal ma wide vanety of systems inoiuding bacteria 
L * ' ■ , , TOfi „ 7f;fi n83 19971 insects (Golic and Lindqutst, 

5 ^^LJ.Baateno^m^OU 199U ^ 

Ce « ffl :499-509, 1989; Golic and Colic, ^^'^ : 
for operability. 
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Additional integrases that can be used in practice of invention methods are 
retroviral integrases, including HIV and ASV integrases (Reviewed in Annu. Rev. 
Microbiol. 53:245-81,1990). 

In practice of invention methods for modulating expression of a target gene 
produce, a site-specific DNA recombinase or integrase fused to a translocating protein 
may be introduced as described herein into cells that have been transfected with a 
plasmid containing a transcnption-blocking sequence (e.g., a transcription termination 
sequence) flanked by recombinase recombination sites specific for the recombmase or 
integrase used and placed between a promoter and an open reading frame encoding a 
target gene. For example, if the recombinase is Flp, the recombinase sites are^ sites, 
and if Lrecombinase is Cre, the recombinase sites are lax sites. Exposure of the _ 
transfected cell to the recombinase or integrase-adapted translocating protein results 
in removal of the transcriptional terminator by the activity of the recombinase and 
expression of the gene of interest as illustrated in Figure 1. 

Thus, in the invention methods for modulating a cellular proems, the one or 
more regulatory elements can include a transcription-blocking sequence flanked by 
recombinase recombination sites and the regulatory agent can be a recombinase 
specific for the recombination sites, wherein translocation of the recombinase causes 
• recombination of the recombination sites, thereby modulating expression of the target 
gene product. 

Alternatively, rather than placing a pair of recombinase sites flanking a 
polynucleotide segment to be excised, a single recombinase site can be incorporated 
into (or exist naturally in) the genome of the target cell that also contains a plasnud 
containing a target gene and a second recombinase site that pairs, with the genomic 
recombinase site. When such a cell is contacted by a recombinase (e.g. integrase) 
specific for the^ 

will trigger a recombination event such that the target gene will become stably 
incorporated mto the genome of to^^ 
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Tliere co m bina S =or i n, gra sen B yb= to oduc=dby m x m goftwoc C U 

populous, one expressm ^ 
and the other containing the heterologous 0 

■ - .reduced in a prokaryoric or eukaryotic expression 

th e liet e rol o g ous Se n=orc»yi t s t ,b ly b Kgrat =din t h= ilg ™ mC s. 

M^veiy.tbere^cry abused iainvendon^odsfo^odu.a^ 
an be the HIV Rev protem paired with the Rev regulatory element 
SeMeXPreSSi : - — inExample 5 heren. m creas m g amounts 

of an operatively linked target gene. 

.anomerembodrmentotmemven^^^^ ; 

feionprntemcontan^gthetransloca^ p iin ^ eiiubr 
expression tfthesFv.sspectficforattanbgen^ 

functions, such as Ras signahng (O. Elroy 

^ Sci. 86, 6126-6130 (1989), membrane transport (O. Cache, et 

, S^T. A.^W.^- ^^^^ 

s (1 9 95 )). Additional exemplary mhacellular tar rocesses 

include human kinases, transcription factors, pro 
regulators, oncoproteins, and the like. 

1 t^rv aaents used in the invention method(s) 
Therefore, the one or more regulatory agents usee . 

• , a Fv or sFv specific for a component of the 
l0 for regulating cell processes can include a Fv or sFv sp 
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one or more regulatory elements within the cells in culture (whether the regulatory 
element is native or transfected into the cells), wherein translocation of the Fv or sFv 
into the cell by the translocating protein and binding of the antibody to the component 
modulates expression of the target gene product. 

For example, intracellular processes have been modified by creating a fusion 
protein containing an anti-ATF-2 sFv fused to VP22 and the transcriptional activation 
domain of VP16 (Figures 2A-D). ATF-2 belongs to the bZIP family of transcription 
factors and controls gene expression via 8-bp ATF/CREB motifs, either as a 
homodimer or as a heterodimer-for instance, with Jun (S. Huguier et al, Molecular 
and Cellular Biology 13:7020-7029, 1998). If the fusion protein is expressed within a 
reporter cell line that has ATF-2 bound upstream of a reporter gene, e.g., the bacterial 
luciferase gene, binding of the sFv in the fusion protein to the ATF-2 antigen in the 
cell nucleus (Figures 2A-D) triggers expression of the ATF-2 sFv-VP16 fusion 
(Figure 2B), but not a CREB sFv-VP 16 fusion (Figure 2C), resulting in expression of 
the reporter gene. This experiment demonstrates that the ATF-2 sFv is delivered to 
the cell nucleus where it binds the ATF-2 antigen. 

"Fv" as used herein means a genetically engineered fragment containing the 
variable region of the light chain and the variable region of the heavy chain expressed 
as two chains but chemically linked; "sFv" as used herein means a genetically . 
engineered molecule containing the variable region of the light chain and the variable 
region of the heavy chain, linked by a suitable polypeptide linker as a genetically 
fused single chain molecule. 

The linkage of light chain and heavy chain variable regions in a Fv may be 
noncovalent, as described in Inbar et al, Proc. Nafl Acad. Sci. USA 62:2659-62, 
1972. Alternatively, the variable chains can be linked by an intermolecular disulfide 
bond or cross-linked by chemicals such as glutaraldehyde. 

Exemplary linkers used to attach two. segments of a Fv or to attach any other 
two proteins to (e.g., a translocating protein and a DNA binding protein) can be a 
bifunctional cleavable cross-linker, such as N-succinimidyl (4-iodoacetyl)- 
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^obenzoate; sulfosuccinimydil (4-iodoacetyl)-arninobe m oa<e; 4-succ iram dyl- 
oxy carbony 1 -a-(2-pyndyldi t h 1 o)to 1 uen= ; sulfosucctnunidyl-6- (a-methyUa- 
JLmW****** ™^ NWurmdy W-2-pyndyldr.fco,- 
p^ n onat=;succi^^^ 

Ifosuccinnnidyl 6m -2- P yn^YW™^ hexanoate; 3-(2- 
p^yldithioVpropionyl hydride, Ellman's reagen, did— 
tiiopyridyl)-L-cysteine, and the like. Further bifunctional linking compounds are 

5 , 137 ,877, each of winch is incorporated herein by reference tn * enbrety. 

These hnkers can be attached to purified proteras ushrg numerous protocols 
k^thear, such as those described m Espies 1 and 2 (see P.rceC^s 
..Solunons.Cross-.u^sofProteins: Basic Concepts and Strafes, SetntnarSn, 

Rockford, IL). 

\r™ the V„ and V L domains connected by an oligonucleotide. The 

^oaHostcellsuc^,.^ ^^^^^^^ 
, polypep ti dechamw^ 

producing -^.493.426 1988; Pack et al, Bio/Technology 

105 1991; Bird etaU Science 242-423-4^, iyso > . , w 

T , , / TTS natentNo. 4,946,778, which is hereby 
1 1 -1271-77 1993; and Ladner et al, U.S. patent «o- , 
U - - *„tv Such well known procedures can be 

incorporated by reference in its entirety. Such wen Kn v ^ 
mcorporaiea y ^risin* a sFv and a translocating protein, as 

5 modified to create fusion proteins comprising a 

described herein. 

^outlOtoaboutBOaminoacidresidues. Ms alternate „ p— , 
i0 ^geouswhenme.igandtnoie.yisproteinaceou, For example, the hnker 
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moiety can be a flexible spacer amino acid sequence, such as those known in single- 
chain antibody research. Examples of such known linker moieties include GGGGS 
(SEQ ID NO:9), (GGGGS), (SEQ. DD NO:10), GKSSGSGSESKS (SEQ ID NO:l D, 
GSTSGSGKSSEGKG (SEQ. ID NO:12), GSTSGSGKSSEGSGSTKG (SEQ ED 
5 NO:13), GSTSGSGKSSEGKG (SEQ ID NO:14), GSTSGSGKPGSGEGSTKG (SEQ 
ID NO:15), EGKSSGSGSESKEF (SEQ ID NO:16), SRSSG (SEQ. ID NO:17), 
SGSSC (SEQ ID NO:18), and the like. A Diphtheria toxin trypsin sensitive linker 
having the sequence MGRSGGGCAGNRVGSSLSCGGLNLQAM (SEQ ID NO:19) 
is also useful. Alternatively, the peptide linker moiety can be VM or AM, or have the 
10 structure described by the formula: AM(G 2 . <S) X AM wherein X is an integer from 1 
to 1 1 (SEQ ID NO:20). Additional linking moieties are described, for example, m 
Huston et al, PAMSfi5:5879-5883, 1988; Whitlow, M., et al, Protein Engineering 
^•989-995 1993; Newton et al, Biochemistry 15_:545-553, 1996; A. J. Cumber et al., 
Bioconj. Chen, 1:397-401, 1992; Ladumer et al., J. Moi Biol 222:330-337, 1997; 
15 and U.S. Patent. No. 4,894,443, the latter of which is incorporated herein by reference- 
in its entirety. ■ . 

It is contemplated to be within the scope of the present invention that the 
target gene within a cell in culture can be a reporter gene, such as is known in the art, 
for example, anon-endogenous gene encoding a detectable marker, such as the*** 
20 6-galactosidase gene, luciferase, or CAT. 

As an aid in purifying the fusion molecule or detecting expression triggered by 
use of the invention methods, it is often convenient to include in the polynucleotide that 
encodes the reporter gene an additional nucleotide sequence tha< encodes a proteur 
tag, such as an antibody epitope (eg., derived from Myc), a fluorescent peptide, or a 
25 poly His rag. 

Avariefyofmethodscanbemedforatiachingapeptideorotigonucleotide 
molecule to a translocating protein. For example, the translocating protein can be 
covalently conjugated to a translocating protein or to a polynucleotide encoding a 
translocating polypeptide for use in tire invention methods using two low molecular 
30 weightchenucaiaffinityligandsmatcanbeatiachedtomacrornoleculeskkeDNA 
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P«rm » linker useful in preparation of fusion 
weight chemical affirnty Lgands - » ^ bond 

mote p r o t eino r toapo ly n U c lM h d . F o e^ &omPloLta , 

molecule and a SHA adapted s ^de bonds (which would be 

a^osedhe^tnayalsobensed. Covalent ^ - „ rf ^ ; 
^inthear.anddisclosedhercinprov.desarelahveiys 

tnuislocating Ptc«i» 10 ^ othcr m0kCUle ; 

l^nvalent molecular interactions can be 
Inaddition,anumberofstrongnon-covalentmo 

Strepavidm binds bioun very stronglyCthed^sasso tosubsttales , 
translocating polypeptide. For example, a toon p 

(tetramer MW = 60,000 daltons) and VP22 >s 
this combination a suitable one. 

j-*- -^Wnle to a translocating polypepticie tor use m 
process-modifying molecule a trans ^ 
30 m ethodsisthesinglestrandedDNAb 1 nd 1 ngprote 1 n(SSB)fxorn 
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amino-acid residues (amino acid residues 2 through 22) of SSB appear to be involved 
in binding to ssDNA (i.e., "the functional fragment of SSB"). Furthermore, binding 
of SSB to ssDNA is not sequence specific. Therefore, a fusion protein containing a 
translocation protein fused to a functional fragment of SSB is an extremely attractive 
linker for attaching a translocating protein to an oligonucleotide or to plasmid DNA. 
Unlike the linking molecules described above (i.e., those containing PBA and SHA or 
strepavidin and biotin), which require modification of the oligonucleotide to be linked 
to the translocating protein, fusion proteins containing a SSB and a translocating 
protein can be attached to .unmodified DNAs, thus providing time and cost-saving 
advantages. • 

The invention will now be described in greater detail by reference to the 
following non-limiting examples. . 

EXAMELE-1 

Introduction of VP22 fusion protein into cells in culture by transfection 

The complete open reading frame (ORF) encoding the VP22 protein was 
' cloned into the eukaryotic expression vector pcDNA3. 1/myc-His (Invitrogen, San 
Diego, CA), to create the vector pVP22/Myc-His (Fig^e 5; SEQ ID NO:l), in which 
the ORP of the fusion partner can be inserted into a multiple cloning site located . 
between the VP22 ORF and sequences encoding the C-terminal Anti-myc epitope and 
apoly His tag. The anti-myc epitope provides for easy detection of recombinant 
protein with Anti-myc antibody, and the poly His tag is useful for purificanor, 
Altemativel^thevectorusedwasmodifiedbycovalentcoupHngoftheVaccmia 

Vims Topoisomeraselprotein to linearized vectorDNA (e.g., pVP22 TOPO® TA 
Cloning® Kit(Invitrogen)). In this type ofvector, the ORF of a gene product of 
interest (i.e.,a»fusion partner") was cloned as a PCR prodnct into the vector. An 
exam P leofsuchaTopoisomerase-adaptedvectorencodingtheVP22polypephdeis- 

P V?22/Myc-His TOPO® vector (Figure 7; SEQ TD NO:2). In either case, the 
plasmid containing the VP22 gene fusion was then transfected into cells in culture 
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DNA was diluted mto 1.5 mi up p& _ 7 

(Invitrogen) for CHO cells, u inca bated for an additional 

at 37 °C, .hen replaced with the appropnate medium and 



40-48 hr at 37°C 



c H-.cffl.eVP^fasionproteinfrom.hetransfectedcells.ottie. 

sunounding.ontransfeced cells was ^^fluorescence experiment, 

l0 anubodyagainstthemycepitopetag. ^ ^ ^ tissue culWK pla te were washed 
^fected cells in a single 35 mm wel of me thanol for ■ 

^^-- ^^ 
5mm. Ceuswe I ewashed fi vehme,w It hPBS ^ fa20nlill ^ 

15 -anybody 

.. PBScontammglO^FBS. F a goat ann-mouse Oregon 

ceUsW erewashedtw,c=w,thPBSandm 3 ^ 1:500 in 1 ml 

OreenconJugareCMo.ecnlarProbes.Eusene.O^ 

•■ mo/ PRS for 20 minutes. Alter two ^ 
of PBS containing 10/c Y / ■ CT an oiympus DC-70 fluorescence 

tboscincorporating^— cl^gre ^ achieved by this melhod. 

site specific recombinase Flp as the toon partner, h 

cells 

, h .VPrmaybeusedtomodulateexpressionofafuncPonal 
To demonstrate how VP2- may :c c DNA recombinase Flp, was 

♦ f rt r ^livery of the site specific UN Arc 
gene product, a system for delivery 
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developed. COS cells expressing a VP22-Flp recombinase fusion protein were 
prepared as described above and mixed with CHO cells that had been transfected with 
a reporter plasmid P FIN4//acZ (Figure 1). In the reporter plasmid, a segment of DNA 
that includes a transcriptional terminator, the Bovine Growth Hormone 
polyadenylationsignal(GoodwmandRottman,J.^. CW 2*7:16330^ 1992), is 
flanked by^r sites (recombination sites recognized by the recombinase Flp) to 
separate the CMV promoter and an otherwise operatively associated reporter gene 
encoding P-galactosidase as reporter. Cells transfected with P FIN4//acZ did not 
express P-galactosidase due to the presence of the transcriptional terminator placed 
between the frt sites. 

To.illustrate that expression of the reporter gene could be controlled by 
translocating of the VP22-Flp recombinase fusion protein from one cell population to 
another two populations of CHO cells were prepared, one transfected with plasrmd 
that expresses the VP22-Flp recombinase fusion protein, and another tnmsfected with 
plasmid that expresses a VP22-GFP fusion protein. Infections were earned out as 
described above. Twenty-four hours after the end of the transfection, cells were 
recovered by trypsinization. Then the two cell lines were mixed and incubated for an 
additional 24 hr before staining for p- g alactosidase activity. .. 

CHO cells transfected with P FIN4/fccZ only expressed p-galactosidase when 
m ixedwi-mCOScellsmatexpressmeVP22-Flpfusior, In the presence of Flp 
recombinase, the segment of DNA containing the transcriptional terminator was 
removed by recombination of ibefrt sites, and p-galactosidase was expressed. 
Incubation of the population of CHO cells transfected with plasmid that expresses a 
VP22-GFP fusion protein, but does not express a VP22-Flp fusion protem did not 
result in expression of P-galactosidase. 

. This experiment shows that the VP22-F1 P fusion protein translocates between 
different mammalian cell types and that functional Flp recombinase can be delivered 
to cells as the fusion partner in a VP22 fusion protein. 
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Try AMPLE 3 

Transfection of cells with a gene fusion followed by preparation of a cell free 
lysate from the transfected cells 

In these studies, a cell free lysate was prepared from cells transfected with 
pVP22/mvc-His as follows: COS cells were grown to 50% confluence in a 100 mm 
dish (approximately 10* cells). Ceils were transfected with 20 ug of pVP22/^c-His 
DNA usmg Pfx-6. Forty hours post-transfection, the cell monolayer was washed 
twice with PBS and then collected by scraping into 10 ml PBS. Cells were 
centrifuged at 500 g for 5 min and the PBS was aspfrated from the cell pellet, which 
was then frozen on dry ice. Frozen cell pellets were stored at -80°C prior to 
preparation of lysates. The cell pellet was thawed on ice following addition of 0.5 ml 
ice cold lysis buffer (10 mM HEPES, P H 7.9, 400 mM NaCl, 0.1 mM ethylene 
<iiaminetetraacetic acid (EDTA), 0.5 mM dithiothreitol (DTT), 5% glycerol). The 
lysate was then vortexed briefly and centrifuged at 10000 X g for 5 min at 4°C. 

The entire supernatant was immediately added to 2 x lO* cells in a 35 mm 
platewithoutremovingthetissueculturemedia. After a !0 minute incubation at 
37°C, the media was removed and VP22/myc-His protein located in the nuclei of the 
cells was detected by immunofluorescence as described above.. 

An alternative method for the detection of VP22 fusion protein uptake in 
m ammalian cells from a cell free lysate prepared from cells that express the fusion 
protein utilizes Western blot. In a typical Western blot experiment, HeLa, COS or 
CHOcellswereplatedatSOroConfluenceindOmmdishes. Following apphcahon of 

.thelysat e ,mecel^ 
mM NaCl to remove protein non-specifically bound to the outside of the cell. The 
cells were treated with trypsin' for about 5 minutes to disassociate them from the plate 
and to digest any remaining extracellular peptide. The cells were solubilized and the 
protemssepaxatedona4-20%Glyc^ Theseparated 
proteins were then transferred to nitrocellulose and probed with the appropnate 
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antibody conjugated to horseradish peroxidase (HRP). The VP22 fusion proteins 
were then detected using chernilurninescence. 

Thus, the VP22/myc-His protein contained in the lysates of cells transfected 
with pVP22/m^c-His translocated to the nuclei of all untransfected cells within 10 
5 minutes of contact. This finding shows that lysates containing VP22 are useful for the 
delivery of protein sequences into cell types without the need for transfection of the 
receptor cell population. 

EXAMPLE 4 

Expression of a VP22 fusion protein in E.coli. followed by application of purified 
10 protein to cells in culture 

The vector pCRT7/VP22-l was developed to allow expression and 
purification of VP22 fusion proteins from E. coli. This vector utilizes a C-tenninal - 
fragment of the VP22 protein (amino acids 159-301), which has proven sufficient for 
translocation of VP22 fusion proteins across cell membranes. Using the above 

15 described methods, VP22 fusion proteins were prepared containing various proteins 
as the fusion partner (including the HTV Rev protein and human protein rhoA), and 
the fusion proteins were expressed and purified . Activity of each fusion partner was 
demonstrated following uptake by cells in culture. To demonstrate the high efficiency 
with which translocation occurs in cell cultures, even when the cells transfect poorly 

20 using conventional techniques, uptake of a VP22/GFP fusion proteins by Jurkat 
T-cells and PC12 cells, which are known to be refractory to standard transfection 
protocols, was also performed. These experiments show that VP22 fusion proteins 
can be purified and then delivered to substantially every cell in a cultured mammalian 
cell population, completely eliminating the need for transfection, even when the cell 

25 line is known to be refractory to standard transfection protocols. 

pCRT7 /VP22- 1 is derived from the pET9b vector backbone (Novagen, 
Madison, WI). In preparation of pCRT7/VP22-l, the sequence encoding the C- 
terminal region of VP22 sufficient for translocation activity (amino acids 159 -301), a • 
fragment containing a multiple cloning site and myc and His tags from the vector 
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pVP22/myc-His were inserted into the pET9b vector backbone. The multiple cloning 

site of pCRT7/VP22-l was derived from that of pVP22/myc-His. The 

pCRT7/VP2?-l vector was prepared for coupling to Vaccinia Topoisomerase I in 

exactly the same way as in preparation of the P VP22/myc-His-TOPO @ plasmid, as 

described above. Therefore, in this vector, the sequence encoding the ORP of a fosion 

partner can be either inserted into one of the multiple cloning sites or cloned asaPCR 

,i™m<7 site in a way similar to that used with 
product into the topoisomerase cloning site in a way 

pVP22/myc-His or pW22|myc-His-TOPO® plasmid. 

In a typical experiment a VP22 fusion protein was expressed as follows. Ten 
n» pCRT7/VF"-l DNA was transformed into 50 ul BL21(DE3)plysS cells. The 
rlsform.dceUsweremcubatedatSrCforlhonrrnMOulSOCmedium, which . ■ 
was then dUuted to 2 ml with Luria-Bnrtoni (LB) medium plus 50 ug/ml kanamycin 
and al.owed.0 grow overnight at 37»C. The 2 ml culture was used ,0 inoculate 50 ml . 
LB medium containing 50 ug/ml kanamycin. Cells were allowed to grow until an 

37»C orshift=d.oroom«emperarure(approxunate ly 25X)for30nnn,One I nlof 

culture was removed and allowed to continue growing. Isopropyl-P-D- 
tmogalactopyranosideCrPTGJwasaddcd.ou.eremainmgculhu-etoafinal 
concen«dono fl rnM.:Cel.swereallowed.o g rowforanaddidonal4houxs m d 
thengeisampleswerepreparedfrommdnced^lusrPTGJandnon-mducedcu,^. 
200 ul of each cutee were removed, cells were recovered by centrifngahor, and me 
pellets raised in50 ul 1 X SDS/PAGE sample buffer. Alternatively, ceils were 

stored at -80°C. 

SO 300mM N aC1.5rn M imidazole). The following were added to the lys,s 
immediatelybeforeceiUysis: p-rnercaptoethanol to 5 mM. a-toluenesuifonyl fluonde 
(PMSF) to 0.5 mM, leupepdn and pepstatin to 1 ugtal each, and lysozyme to 
0 img/ml. ThelysatewasincnbatedoniceforiOtoSOminandthensonicatedfor 
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3 X 10 sec while on ice. DNase and KNase were added to final concentrations of 
10 ng/ml each. The lysate was left on ice for an additional 20 min, then drawn 
through a 21 gauge needle three times, and centrifuged at 20000 g for 15 min. 
Following centrifugation, a gel sample was prepared from the soluble supernatant 
The supernatant was applied to a column contaimng 1 ml Probond resin eauibbrated 
with lysis buffer (Probond beads interact with proteins tagged with 6 bistidine arrays). 
The resin and supernatant were mixed in the column on ice for one to two hours. The 
column was then clamped vertically and the resin was allowed to settle. 

A sample of tbe supernatant was removed to test for the presence of unbound 
protein by SDS/PAGE. The resm was washed by allowmg 10 ml lysis buffer (50 mM 
Sodium Phosphate pH 8.0, 300 mM NaCU 5 mM imidazole) to pass through the : 
column. ThelysisbufferwascoUectedandagelsamplewasremoved. Thecolumn 
was then washed with 20 ml wash buffer (50 mM Sodium Phosphate pH 8.0, 300 mM 
NaCl 40 mM imidazole, 10 '/.glycerol) and another gel sample was prepared m the 
same way. Protein was eluted by addition of buffers having increasing concentrate 
of imidazole (wash buffer with either 10,0 mM, 200 mM or 500 mM imidazole). 3 ml 
of oach buffer was apphed, and 3 ml of each of the 100 mM and 200 mM imidazole 
elutions were collected. The 500 mM imidazole elutton was collected as 0.5 ml 
reactions. A g elsamplewasa 1 soprepare4froml0ugofther=smafterelution.o 
determineiftheproteinremainedbound. All samples were examined on 4-20% 
SDS/PAGE gels (Novex) followed by Coomassie Staining or Western blot usmg an 
anti-myc-HBP conjugated antibody (Invitrogen) a. 1:2000 dilution. Purified protems 
were stored at 4°C for immediate use, or frozen at -80°C for storage. 

Uptake of VP22 fusion proteins was detected by immunofluorescence. Cells were 
g rowntoapproxima,=ly50%con fl uenc=in35mmwell, The medium was men 

purified VP22 fusion protein, eluted in wash buffer containing 500 mM imtdazole, 
was added directly to the serum-See medium. Cells were incubated at 37"C for 20 
mm andthenwash=dwith3x2mlPBS. Cells were then fixed and permeabhzed » 
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Invitrogen pV?22/myc-His Vector, cat no. V484-1). 

, ■ wa<? detected by Western blot. 

Alternatively, uptake of VP22 fusion protons was . ,. 

Alternative y, v „,,w ion of W22 fusion protein m the nuclei 

This technique was used to detect accumulation 

„ rkatT cells Suspensions of approximately 5 X 10 cells ote 

5 of PC12 cells and Jurkat T-c=Us. Susp cratrifilg ation 

me same way, then resuspended » 1 ml senrm-fre em 

lO.SOfmeVP^^P^-— ^ ^LpendedmlOm, 

PBSasbeforedescnbed. pH 7.9, 1.5 mMMgCh, lOmM, 

lOOulicecoldlysrshufferaO^W^P ^ „ n ice for 10 

rl 1 Thesupernatan,contaii^ ; . 
^ Thelysatewascenmfngeda. 10000 f ufewasadded 

p^insamplehuffer. Samples were^n- ^ 
t^nsferred to nitrocellulose membrane. Western 
HRP antibody conjugate (Invitrogen). 

20 

. ■ i„i,™t cells: functional testing of a 
Activity of a VP22 fusion protein in recipient cells. 

VP22/Rev fusion protein 

subsequent translation (renewed mV. W. ^ ^ 

532 , l998 , * tl™ - 

HTV spliceosome, but are not spliced. Instead, they 
degraded. 
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In the following experiment, the binding of Rev to the RRE in a transcript was 
used to activate expression of areporter gene. A reporter plasmid (pCATVRRE) was 
prepared that contains a CMV promoter and a CAT reporter gene separated by a 
sphce donor site. The RRE was located on the 3' side of the CAT gene site. 
Therefore, expression of CAT in response to Rev can be used to demonstrate the 
activity of Rev in the VP22/Rev fusion protein. 

CHO cells were transfected with pCAT/RRE and then treated with either 
VP22/Rev fusion protein or W22/myc-His control fusion protein. Expression of the 
CAT reporter gene was examined by Western blotting of protein samples prepared 
from treated cells, using an antibody against the CAT protein. A sample was also 
■ prepared from cells transfected with a CMV-CAT positive control plasmid that does 
not contain the RRE. Expression of the positive control could be detected. When 
cells were transfected with pCAT/RRE and then treated with VP22/myc-His control 
fusion protein, no expression of CAT could be detected. However, when cells _ 
• tnu.sfe.tedwimpCAT/R^^ 
of CAT could be detected. When a five-fold larger amount of VP22/Rev protein was 
added, an apparent increase in the level of CAT protein was detected. These results 
show that VP22 can deliver functional Rev protein to the nucleus and lead to 
expression of a reporter gene. 

In HTV infected cells, the Rev protein can shuttle between the cytoplasm and 
nucleus. The distribution of Rev between these intracellular compartments is 
dependentonanuclearexportsignalpresentintheprotein. To determine whether the 
nuclear export signal functioned in the invention VP22/Rev fusion protem, the 
distribution of VP22/Rev protein was examined by immunofluorescence usmg an 
antibody agamst the myc epitope tag, as described above. By this procedure, 
VP22/Rev fusion protein was detected in the cytoplasm and nuclei of cells, showmg 
that fusion of Rev to VP22 appears not to interfere with the ability of Rev to be ■ 
distributed to either the cytoplasm or the nucleus. 
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Mi very of one or n,ore nicies into ceUs in order .0 m odify cellar process. 

T.efol.ow.ngexpenmentdcno^howacelidarp.cessn.aybe 
modffi ed in aceUb y ^ t o te c=Uo f aW2 2fei o n p ro .=^-on^ 
^onp^^smaUGTPase.rhoA.whiehisinvo.ved^epo.^oof 

^l^in— Previous sbadies nave 
—a^nts.^effectn^^ 

act iva t =d I hoApro t =in t ha«.asoe=nexp r ess=dandpun fi ed & o m E.coU^Ha U , 

Science 222:509-514, 1998). 

To.es, woe.heraVP22.rhoA toon protein could generate a sirnilar effe* a ; . 
WaZ-rhoAfusionproteinvvasexpressedandpunfiedfcntE.coUusn.g ^ 
^T7/VP22-,-™plasmid. Swiss 3 T3 cells were tt =a.edw, ft *epun fi 

P CRT7/V ^ , ^nroximatelv 50% confluence in 35 mm 

well, ^--^ Appro „, g of either 

Cells were incubated for.an additional 20 br a, 37 U PP _ 

• fi ,VP22/rhoAorW22/myc-Hisfasionpro«einwas to apphed.o4=cel 1 , 
punfied VP22/rhoA ^ feed fe 5 ^ ^ 

, Twentymn 1 ute,lat=r,cellswerewasb=dw 1 u 1 3x2ml , rewashsd 

0.1% Tween-20® detergent in PBS, then washed ag _ 
5 incubation wift 0.1 .g/ml final concen^hon of FrTC conju = 

P-5282) in PBS/10% FBS for 30 mm. . 
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microscope and FITC filter. The purified fusion protein was applied to serum-starved 
3T3 cells. In cells that had been serum-starved and then treated with VP22/myc-His 
control fusion protein, no actin microfilaments could be detected and the cells 
appeared similar to serum-starved cells that had not been treated with either fusion 
protein. By contrast, in cells that had been treated with VP22-rhoA fusion protem for 
90 minutes, actin microfilaments could be clearly detected by binding of phalloidin. 
The distribution of actin microfilaments m cells that had been treated with VP22-rhoA 
fosionprotein appeared sumlar to that seen in cells that had neither been treated with 
afusionproteinnorserum,starved. These results indicate that VP22 can be used.to . 
deliver a functional rhoA fusion protein to cells. 

The wild type rhoA protein appears to stimulate polymerization of actin 
microfilaments from the cell membrane, but VP22 protein is normally transported to 
the cell nucleus. Since VP22/rhoA could stimulate the polymerization of actm 
microfilaments in a similar way, the distribution of VP22/rhoA protem was examined 
byimmunofluorescenceusmga^ . 
(Invitrogen). Most of the VP22/rhoA fusion protein could be detected in the 
cytoplasm of recip^^ 
•studiesshowthatW22/^ 
not completely translocated to the nucleus. 

EXAMPLE ? 

Delivery of a VP22 fusion protein to a specific cellular compartment by 
modification of VP22. 

^ following experimen. demonstrates use of VH2 fcion protein to regulate 
dilution of the fusion parmer^^^ fc 

sequence that is sufficient to direct heterologous sequences ou.of.he nucleus and* 
the cytoplasm. Furthermore, i. has been shown mat fusion of the Nuclear Export 
Signal (NES) to a heterologous protein ma. includes the canonical SV40 larger T 
anngenNuc.earl.calizaHonSignalresm^m^unonofmepro.embeweenme 
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*™«ts fW Wen =t al. Cell 22:463-473, 1995). 
cyt oplasmic and nuclea, compart* ^ md cxport md 

i, found » both 4= cytoplasm* and nuclear comp 
^475-483, 1995). 

lo cadon other than the cell nucleus, »<he present ex, ^ etwemth£ 

VP 22 ORP and the myc qftop. tag «• expressed m 
above.andappliedtocellsmculture. 

• „„„ the cellular compartments in the cells 
D^outionofthetoionproteua^thec " : 

^veredbycentnfc^onatSOOgfor ^ 
:. CeUswerewashedagainta^es-w* „ ^ md fa cuba,ed a. 

medi um confining approximately lOugW ^ M 

3rCfc » - "^^helote. Cellswere recovery 
centnfcganonandresusper.tonnrlO^ y , s buffer (10 ^ HEPES-KOH, 

centtifugationagainandTatsedmlOOul , % Triton X . t 00® detergent) 

^ incubated on ice for 10 nun. The lysa ^ 
^supernatant,— .^^^^.H-*.- 

su pplementedwin,4 X proten 1 sa t nplebuff^ P _ ^ ^ ^ 

"""^^ ^ccenulosenaembrane. WestemMots 
25 SDS/PAGBgelsWand^- gaK ^ogen, ,Thesetests 

show that Rev NES adapted- VP2_ con 
: cytoplasm and nuclei of treated cells. 
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EXAMELO 

Use of a VP22 fusion protein as a component of an inducible gene expression 
system. 

To test the theory that a translocating ptotein can be used in an inducible gene 
expression system with great specificity, a T7 RNAP/VP22 fusion protein was 
expressed and purified from E. coli using a protocol similar that described above for 
other VP22 fusion proteins. RNA polymerase activity was examined in an in vitro 
transcription assay. Allreagents were from an in vio-o transcription kit (Ambron, 
Austin, TX) and were used according to the manufacturer's instructions. Tne amount 
of RNA produced by me presence of the T7 ENAP/VP22 fusion protein was found to 
be similar to that of the T7 RNA? included in the kit 

Areporterco^tructmatcoutainsaluciferasegeuedrivenbyaTYpromoter 

was also constructed. This construct was transfected into COS cells and 24 hours , - 
laterpurifiedT7IWAP/W22fusiouproteinwasappliedtothec=lls. Afteran 
additional24hours.celHysa.es were pkpared and examined for luciferase enzyme 
activity using a luciferase assay kit (Promega) according to the manufacturer's 
instructions. AddiUon of T7 RNAP/VP22 fusion protein to cells refected wrth me 
reporter gene resulted in five- to ten-fold increase above background in the level of 
iuciferase expression, indicanng mat this system functions to controlthe express™ of 
heterologous genes in eukaryotic cells. 

F YAMPT,F,9 

Covalent and non-eovalent coupling to translocating proteins. 

Peptide or oligonucleotide molecules may be covalently conjugated ,0 
trar.slocatmgproteinsusmgLin^chernicalaffimtysystem 
1 owm 0 lecma I wei S htchemicalaffimtyligand,salicymyd ra xamicacid(SHA)and 

phenylboronic acid (PBA). In this system, the low molecular weight chemical affimty 
Ugands are used to form a Afunctional linker that attaches tie translocating protem to 
a polynucleotide by means of a reversible pH-sensitive covalent bond. 
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Nucleic acid molecules containing PBA can be synthesized using PBA-NTPs 
(ProLinx.Seattie.V^o, if doubled, labeled w, t h PBA-AT? using the 
^e — *ansferase. SHA-NHS ester can be used to attach SHA to lysine 
enzyme ten m _,U-Q Tne PBA-adapted molecule 

residues present in translocating proteins (Figures 3 A C). In P 
^meSHA-adaptedtranslocadngprotemaremencovalennyUnkedand 

l ffl s,ered to cells. A full descripuonof the procedures and — used to hh* 

Kit, Catalog Nos K805O-O1 to 0060-01, Invitrogen, San Diego, CA). 

ESAMELE-L2 

Assay foruptaReoftranslocatingprorein: oligonucleotide conjures 

u j ^^-h to allow purification of single- 
PCR. A biotinylated 5' primer can be designed to allow p 

^dloJulescontainingthePBA-ATPonas.epavidincolun.. Ase^f3 
Differen.concentra^ 

. * ,11,™ After incubation, the cells can be 
, ceUsanda,lowed«omcubateforup«o4hours. Aft^nr ^ 

ohgonucleofides^illbindthestrepavidin-FrrCandbe ' 
^ectedthatshortoh^^^^ 

aleredtoiOOy-of^cell^andbeconcen^ed^thenucleus. 
^witome^iritandscopeoftatwhichisdescribedandclauned. 
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WHAT IS CLAIMED IS: 

1 . A method for modulating a cellular process, said method comprising 
contacting a cell in culture under suitable conditions with a cell process-modifying 
molecule attached to a translocating polypeptide, whereby the cell process-modifying 
molecule is translocated into the cell in culture and interacts specifically therein with 
a target site responsive to the cell process-modifying molecule, thereby modulating a 
cellular process in the cell in culture. 

2. A method for transfecting a cell in culture with a target gene, said method 
comprising contacting the cell in culture under suitable conditions with a 
polynucleotide comprising the target gene attached to a translocating polypeptide, 
whereby the cell in culture is transfected by the target gene. . 

3. The method according to claim 2 wherein the translocating polypeptide is a 
VP22 polypeptide, Anrp, or Protein H. 

4 The method according to claim 2 wherein the trar^locatmg polypeptide is a 
VP22 polypeptide and the polynucleotide is translocated into the nucleus of the cell in 
culture. 

5 The method according to claim 2 wherein the polynucleotide is linear or 
circular DNA containing a cloned open reading frame that encodes the target gene. 



6. 

plasmid. 



The' method according to claim 5 wherein the polynucleotide is a supercoiled 



7. The method according to claim 2 wherein the translocating polypeptide is 
attached to a DNA binding protein and the DNA binding protein links the 
translocating polypeptide to the polynucleotide. 
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8 ^^odacco^tcc^Twhe^theDNAb^gp^is^e 
; : pr o^^ m o bil i ly s I oupnp r o tCm (HMGn). a po 1 y 1 y^s=^c=,o r a D 

oligopeptide having at least three LARL repeats therein. 

l« te .^^^-*'*-^ i •- ,,,fc-,4,-D,l " 

cyt oplasm as well as tie nucleus of the cell in culture. 

..• rlaim 9 wherein the nuclear export signal is derived 
10 The method accordvng to claim V wner 
from the HTV- Rev protein or the hea. stable inhibitor of cAPIC 

u . ^^^^^^^^^ ■ 

into the genome of the cell in culture. 

• «f a target <*ene product in a cell in 

said method comprising contacting the 

« „«ached to a translocating polypeptide, whereoy 

-thoneormoreregul^^ 

.eoneormoreregulatory agents « tt ^^ B ^ e ^of 
therein with the one or more regulatory elements, there y 

the target gene product by the cell. 

\ 1 im 12 wherein the cell in culture is a mammalian, 

13 . The method accordmg to claun 12 wherein 

yeast, insect or plant cell. 

\ i»m 12 wherein the translocating polypeptide has 

14. The method accordmg to claim.12 wner 

the properties of: 

resistance to proteolysis, . 
' .eceptor-mdependentpenenationofcellmembranes.and 

energy-free penetration of ceU membranes. 
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15. The method according to claim 12 wherein the translocating polypeptide is a 
VP22 polypeptide, Antp, or Protein H. 

1 6. The method according to claim 12 wherein the translocating polypeptide is a 
VP22 polypeptide. 

17. The method according to claim 12 wherein the regulatory agent is a 
polynucleotide, a protein or polypeptide, or a small molecule. 

18. The method according to claim 12 wherein the cell in culture is transfected 
with a polynucleotide comprising the target gene. 

19. The method according to claim 14 wherein the regulatory element is a 
promoter and translocation of the regulatory agent transactivates expression of the 
target gene product by the promoter. 

20. The method according to claim*9 wherein the regulatory agent is specific for 
the promoter. 

21. The method according to claim 20 wherein the regulatory agent is a 
polymerase specific for the promoter. 

22. The method according to claim 21 wherein the polymerase is T7 RNA 
polymerase and the promoter is a T7 promoter. 

23 . The method according to claim 12 wherein the regulatory agent is an HTV Rev 
protein and the regulatory element is the HTV Rev response element (RRE). 

24. The method according to claim 12 wherein the regulatory agent is a 
transcription factor specific for the regulatory element and translocation of the 
regulatory agent transactivates expression of the target gene product 
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25. The method according to claim 12 wherein the regulatory agent and the 
translocating polypeptide are covalently attached. 

26 . The method according to claim 12 wherein the regulatory agent and the 
translocating polypeptide are attached by a linker. 

27 The method accordhag to claim 26 wheretn tie linker compnses one or more 
disulfide bonds, salicylhydroxarnic acid (SHA). phenylboronic acid (PBA), a SHA- 
NHS ester, or a combination thereof. -• 

A- n * tn rlaim 12 wherein the : translocating polypeptide and 

28. The method according to claim iz wuw. 

the regulatory agent are units of a fusion protein. 

29 . The methodaccordmgto claim 12 wherein the regulatory agent is , single 
chain antibody (sFv). 

30. The method according to claim A wherein the regulatory agent is a 
polynucleotide encoding a single chain antibody. 

31 ThemethodaccordingtoclaimU wherein the ^locating polypeptide and 
tie rogatory agent are covalently Unked by a biotm-sfreptavidin complex or the*. 
Coli single stranded DNA binding protein. 

32 ThememodaccordmgtoclaimnwheremmeceElmecontainsasingle 
genc^crecomb^onsiteandaplasmidcon^gthe-g^-^ 

one or more regulatory agents mcludes a recombinase specific for the pW 

recombination sites, and wherein ^^^^^ ^ 
reMm bina n onbetween m epa,=drecomb^ 

of the targe, gene into the genome of the cell at the genomic recombmase srte. 
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33. The method according to claim 32 wherein the recombinase is Flp and the 
recombinase sites are frt recombination sites. 

34. The method according to claim 32 wherein the recombinase is Cre and the 
recombinase sites are lox recombination sites. 

35. The method according to claim 1 2 wherein the one or more regulatory 
elements includes a transcription-blocking sequence flanked by recombinase 
recombination sites and the regulatory agent is a recombinase specific for the 
recombination sites, wherein translocation of the recombinase causes recombination 
of the recombination sites, thereby modulating expression of the target gene product, 

36. The method according to claim 35 wherein the recombinase recombination 
sites axe frt sites and the recombinase is Flp or the recombinase recombination sites 
are lox sites and the recombinase is Cre. - 

37. The method according to claim )}2 wherein the one or more regulatory agents 
include a single chain antibody specific for a component of the one or more regulatory 
elements, wherein translocation of the single chain antibody in to the cell and binding 
of the antibody to the component modulates expression of the target gene product. 

38. The method according to claim 12 wherein the target gene is a reporter gene. 

39. The method according to claim 12 wherein the target gene is contained within 
a polynucleotide mat further encodes a protein tag. 

40. The method according to claim 12 wherein the target gene encodes a toxic 
protein. 

41. The method according to claim 39 wherein the protein tag is a myc epitope, a 
fluorescent peptide, or a poly His tag, or a combination of any two or more thereof. 
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42 The method according to claim 12 wherein the contacting comprises mixing 
the mammalian or insect cell with an additional cell transfected with a polynucleotide 
that encodes the regulatory agent and the translocating polypeptide and the additional 
cell expresses the nucleotide to obtain the regulatory agent attached to the 
translocating polypeptide. 

43. The method according to claim 42 wherem the additional cell is prokaryotic or 
eukaryotic. 

44 The method according to claim 12 wherem the contacting involves incubating 
the ce.l line with a soluble protern lysate prepared from an additional transfected cel. 
that expresses one or more polynucleotides encoding the regulatory agent and the 
translocating polypeptide. 

45 The method according to claim 44 wherein the regulatory agent and the 
translocating polypeptide are express 

46. The method according to claim 12 wherein the cell is refractory to other 
transfection techniques. 

47 ncmethodaccording«oclaiml2whereinthecellisamemberofac=U 
population and expression of the targe, gene is induced in substantially all of the cell 
population. 

48. Avectecoo^. 

molecule attached to a translocating polypeptide. 

49. Thevectoraccord^^ 
sequence according to SEQ ID NO: 1 . 

50. The vector according to claim 48 wherein the vector is has a nucleotide 
sequence according to SEQ IP NO:2 
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CGCCCCACCGAGCGACC 
AGCTCGGATCCACTAG": 



AATTG^ATCGCATTGTCTGAGTAGGTGTCM 
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cg^SSgaScagg^taacc 

ACCGTAAAAAGGCCGCGTTGCTGGCGT 
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TGGGACTrTCCTACTTGGCAGTAra^^ 
AGTACATCAATGGGCGTGGA^GCGGTTT^^ 

CAAATGGGCGGTAGGCG"rcTACGG^ 

ctgcttactggotatcgaaactaatac^ctca™ 



GATCCAAC^CACCCGCGCAGGGGCTCGC^GAA^^ 

GCCATCMACCCCCCGGGTGGCCGGCTTTA^ 

ATGCATGCCCGGATGGCGGCGGTCCAGCTCTGGGACATGTCGCGT 

AACTCCTTGGCATCACC^CCATCCGCGTGACGGT 
GTTGGTGAATCCAGACGTGGTGCAGGACGTCGAC^ 

AGCTCGGATCCACTAGTCCAGTGTGGTGGAA^TGCCCTTAAGGGC 

«X3GCCGCTO»GTCTAG^ 



CC«3TCTTGT«»TCAGGATC^TC^CG^^ 

GGGATCTC^TGCTGGAGTTCTTCGCCCACCGCAACTTG^L^x ^nCTurrrGTGGTTTGTCCAAACTC 

CAATAGCATCACAAATTTCACAAATAAAGCATTTTCTTCA^ 

ATCAATGTATCTTATCATGTCrGTATACCG^^ 
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CAGGCATCGTGGTGTCACGCTC^^ 
AGTTAckTGATCCCCCATGT^ 
AAGTTGGCCGCAGTGTTATCACTCATG^ 

taagatgcttttctgtgactggtx^ctea^ 



FIGURE 8B 



